Introduction
The term &millets' is used for any of several small seeded annual grasses that are of importance mainly in Asia and Africa. Five millets are common; Setaria italica, Pennisetum typhoideum or Pennisetum glaucum (pearl millet), Eleusine coracan ("nger millet), Echinocloa frumentacea and Pannicum miliaceum (proso millet) (1) . Very little research has been done on millets when compared to other cereals such as wheat, rice and barley. Finger millet (Eleusine coracan), also known as ragi, and African millet are cultivated in India and Africa for food and fodder. Millets can be cultivated in a wide range of soils and climates and because of their short growing seasons, they are of speci"c importance in semi-arid regions (1) . Finger millet is consumed mainly as a pap (porridge), prepared by boiling #our in water (about 10% solids) for 15}20 min. These porridges are particularly used as weaning foods in developing countries, and are preferred to those made from maize due to their #avour and high nutritional value. Cereals and legumes contain signi"cant amounts of inositol hexaphosphates (IP6) generally referred to as phytic acid or phytates. Phytate has long been recognized as an antinutritional factor, a!ecting the bioavailability of some minerals such as Ca> and Mg> and trace elements such as Zn>, Fe>, Cu> and Mn> (2) . Besides its well known negative properties, phytate has been found to form chelates in vitro, inhibiting the formation of iron-catalysed hydroxyl radicals (Fenton reaction) and lipid peroxidation. Consequently, phytic acid has gained in signi"-cance as a naturally occurring antioxidant (2) . Other antinutrients of importance in "nger millet are tannins. Jambunathan and Mertz (3) pointed out that the high tannin content of some sorghum cultivars reduced digestibility and food values expected from their analytical compositions, and Daiber (4) observed that the high poly-phenol/tannin content of &bird-proof ' sorghum grains inhibited enzyme reactions and microbial activity needed in the brewing of sorghum beer. Osuntogun (5) observed that the sorghum variety with the highest tannin content had the lowest diastatic activity, suggesting an inhibition of amylolytic enzymes by this polyphenol. Although not present in as large amounts as in legumes, trypsin inhibitor substances (TIS) are also important antinutrients contained in millet. Heat inactivation of TIS, especially in beans, follows a "rst order reaction kinetics (6) . Germination has been claimed to improve the nutritive quality of cereals (7) . Due to the high bulk density of porridge made from cereals, major e!orts have been made to promote the use of sprouted millet. Due to enzymatic breakdown of starch to sugars during germination, the viscosity and bulk density of porridge made from sprouted grains are signi"cantly lower. The terms &sprouting', &malting' and &germination' are used interchangeably to refer to the process of soaking grains in water until saturated and then germinating them under controlled conditions. The term &malting' is more commonly used when grains, especially barley, are soaked and germinated for brewing purposes, however. Sprouting has been reported to improve the nutritional quality of seeds by increasing the contents and availability of essential nutrients and lowering the levels of antinutrients (7) . Long germination periods result in signi"cant losses in dry matter through respiration, which is undesirable. Sorghum soaked for 10 h and germinated for 72 h lost up to 19.5% dry matter (8) . A 30% loss in dry matter in sorghum over a 6 d germination period has also been observed (9) . This loss of essential nutrients during germination needs to be minimized. Since very little research has been done on nutrient and antinutrient interactions during sprouting of cereals, especially "nger millet, this research focuses on nutritionally bene"cial changes such as the lowering of antinutrients and increase in protein digestibility compared with loss of dry matter. The time when further germination produced no signi"cant (a"0.05) increase in reducing and nonreducing sugar content or decrease in viscosity was considered optimum at the set experimental conditions. The nutritional bene-"ts obtained at this time, i.e. loss in antinutrients, lowering of bulk density and increase in digestibility were considered optimum. Any further germination would result in excessive loss of dry matter, which increased steadily throughout the germination period. Changes in the proximate composition, in vitro protein digestibility, viscosity and antinutrients were determined over a 96 h period at 12 h intervals.
Materials and Methods

Germination
Brown "nger millet (Eleusine coracan) was obtained from Kenya (1996 harvest). The seeds were weighed into large plastic petri dishes and distilled water added at 2 : 1 v/w ratio. They were then covered with perforated aluminium foil and kept in the dark at 30 3C to germinate. Two petri dishes were removed from the germination chamber every 12 h for a total period of 96 h. They were immediately placed in a freezer at !18 3C for storage until further analysis. Before analysis, the samples were dried in a ventilated room at 37 3C for 24 h and then milled into "ne #our which was passed through a 200 m mesh sieve.
Determination of dry matter loss
Samples for the analysis of dry matter loss during germination were accurately weighed and set up as above.
They were removed from the germination chamber at the set times (every 12 h) and transferred into an air oven at 105 3C in the dishes used for germination in order to minimize leaching loss. They were dried in the oven until constant weight (AOAC method 925.10;10). The di!erence between the dry matter content of the unsoaked and ungerminated samples and that of germinated millet was considered as loss of dry matter. The experiment was done in triplicate.
Proximate and mineral analysis
The samples were analysed for protein (Kjeldahl), moisture content (air oven), starch (polarimeter), reducing and nonreducing sugars according to AOAC methods 920.87, 925.10, 945.37 and 939.03 (10), respectively. Experiments were conducted in duplicate on two di!erent samples.
Diastatic activity determination
Diastatic activity was determined as released maltose after 1 h digestion according to AOAC o$cial method 932.04 (10) . The analysis was done in duplicate with two samples.
HCl extractability of minerals
A method of in vitro extractability of minerals as described by Kumar and Chauhan (11) was used. About 0.5 g of sample was accurately weighed into a 100 mL beaker and 50 mL 0.03 mol/L HCl added. The mixture was incubated at 37 3C for 3 h with constant shaking. The conditions and timing were chosen to simulate conditions in the stomach as closely as possible. The digested solution was "ltered through a Whatman No. 3 "lter paper and the "ltrate analysed for Fe and Zn using atomic absorption spectrophotometry (AOAC method 970.12) (10). Calcium analysis was done by #ame photometry according to AOAC method 963.13 (10) . The experiment was carried out in duplicate.
Determination of viscosity
Di!erent samples of millet (5 g DM in 100 mL distilled water) germinated to di!erent times were boiled for 20 min to gelatinize the starch. It was then cooled to 25 3C and introduced into a viscometer (Bohlin CVO Rheometer, U.K.). A cup and bob (C14) system was used. The cup was "lled such that once the bob was in, it was full (but not over#owing). Viscosity was determined at a shear stress of 4.86 Pa. Care was taken that measurements were performed in equilibrium conditions. The experiment was done in duplicate with two samples. modi"cations. The experiment was done in quadruplicate, with each sample being analysed once. A "nely ground (100 mesh) sample containing about 150 mg of protein was accurately weighed into a conical #ask. 20 mL of pepsin solution (20 mg of pepsin, 2000FIP-U/g in 20 mL HCl, 0.75 mol/L) and 1 drop of thimerosal (50 g/L in water) were added. The #ask was placed on a shaker at 200 rpm in an incubator at 37 3C for 4 h. The mixture was then brought to pH 7.5 with 0.2 mol/L NaOH and 20 mL of pancreatin solution (150 mg pancreatin/100 mL phosphate bu!er, pH 7.5) was added and the mixture incubated again on the shaker for a further 4 h. The digest was thereafter acidi"ed to pH(4 and 10 mL of phosphotungstic acid (0.02 mol/L) added. This mixture was "ltered using Whatman No. 3 "lter paper. The "lter cake was analysed for nitrogen using the Kjeldahl procedure (AOAC method 920.87;10). This represented the undigested protein. In vitro protein digestibility was determined according to the following equation:
In vitro protein digestibility
;100 in 100 mL water with 1 mL dimethyl sulphoxide) previously warmed to 37 3C was added. Exactly 10 min later the reaction was terminated by adding 1 mL of acetic acid (30 mL acetic acid in 100 mL distilled water). After thorough mixing, the contents of each tube were "ltered (Whatman No. 3) and the absorbance of the solution measured at 410 nm wavelength against a reagent blank. The reagent blank was prepared by adding 1 mL of the acetic acid to a test tube containing trypsin and water (2 mL each) before the 5 mL of BAPA solution was added. As the millet samples showed no detectable absorption at 410 nm, no sample blank had to be prepared. One trypsin unit (TU) was arbitrarily de"ned as an increase of 0.01 absorbance units at 410 nm per 10 mL of the reaction mixture under the conditions used herein. Trypsin inhibitor activity was expressed in terms of trypsin units inhibited (TIU). The experiment was performed in duplicate.
Determination of trypsin inhibitor activity
Analysis of tannins
Tannin content in the samples was determined by ISO (International Standards Organization) method 9648 (14) .
Analysis of phytates
A sensitive method for the rapid determination of phytates developed by Haugh and Lantzsch (15) was used. About 1 g of sample was extracted with 0.2 mol/L HCl using a magnetic stirrer for 30 min and 0.5 mL of this solution (3}30 g mL\ phytate phosphorous) was pipetted into a test tube "tted with a ground glass stopper. One millilitre of ammonium iron (III) sulphate in HCl (0.2 g of the salt in 1000 mL 0.2 mol/L HCl) was added and the test tube, boiled for 30 min and then cooled to room temperature in ice water. Variant a of the method was followed. The contents of the tube were mixed and centrifuged for 30 min at 3000 g and 1 mL of the supernatant was transferred to another tube with 1.5 mL of 2, 2 bipyridine solution (10 g of 2, 2 bipyridine with 10 mL thioglycolic acid in 1000 mL water). Absorbance of the solution was determined at 519 nm wavelength against distilled water. A standard curve was prepared using sodium phytate solution (0.15 g sodium phytate in distilled water). This experiment was conducted in duplicate.
Calculations and statistical analysis
All data were calculated taking into account the dry matter loss at each particular sprouting period. An analysis of variance of the results was done at 95% con"dence interval (a"0.05) using Tukey's Honestly Signi"cant di!erence. This analysis was done using SPSS 8.0 computer software. In experiments performed in duplicate, two separate samples were analysed twice. Two values were accepted as replicates only if they di!ered by not more than 5%. In case this did not occur, a third con"rmatory analysis was performed and the outlier values dropped. In triplicate analysis, three samples were analysed.
Results and Discussion
Changes in dry matter content during germination Dry matter loss in the sprouting seeds increased gradually at "rst but rose sharply later, especially after 48 h (Fig. 1) . The seeds lost 13.3% DM during the entire 96 h sprouting period. This can be accounted for mainly as loss in sugars during respiration due to production of carbon dioxide and water, which escape from the seeds. These losses were signi"cantly di!erent at the 95% con"-dence interval (ci). Sorghum seeds, when steeped for 8 h and germinated for 24 h, lost 3% dry matter. The loss increased to 30% when the germination was extended to 6 d (6). During a 5 d germination at 28 3C, sorghum lost up to 12% dry matter through respiration (16) . At a conservative estimate, if a 5% loss of dry matter is regarded as nonsigni"cant, then most seeds need to be soaked for not longer than 8}10 h and germinated for not more than 24 to 48 h (7).
Carbohydrate changes
There was a gradual and insigni"cant (at 95% ci) decrease in starch content during the "rst 36 h of germination (Fig. 2) . Between 36 and 48 h, there was a sharp increase in sugars and a corresponding decrease in starch content. This point also marked the sharpest decrease in the viscosity of the millet #our (Fig. 3) . Overall, starch decreased from 71.3% to 35.1% from 0 to 96 h. Maltose and sucrose increased from 3.1 to 17.5 and 1.8 to 12.8%, respectively, during the same period. These changes in both starch and sugars were signi"cantly di!erent from one another at the 95% con"dence interval. Starch content in Setaria italica decreased from 51.0 to 13.4% during an 8 d germination (17) . In the same study, reducing sugars increased from 0.3 to 10.1%. During early germination, a major portion of soluble sugars in the dry seeds may be utilized for respiratory activity (18) . At this early stage, a signi"cant amount of -amylase has not yet been synthesized. Amylase inhibitory activity has been found to decrease with time during sprouting (19) . These two factors could partly explain why there were no observed signi"cant decreases in starch during the early stages of germination in this study. Starch content in germinating red kidney beans reduced from 46.9 to 33.1% during a 6 d germination at 22 3C (20).
The sharp changes at 36}48 h could be due to a kind of loss of dormancy, during which amylolytic enzymes, which are synthesized in the aleurone layer (21), migrate to the endosperm where the hydrolysis of the starch granules starts. The changes in both starch and sugars after 48 h of germination were gradual.
The viscosity of 10% dry matter slurry of the millet decreased to close-to-zero values within the "rst 48 h of sprouting (Fig. 3) . This is caused by hydrolysis of starch into shorter chain polysaccharides by amylolytic enzymes, as shown by the decrease in starch content and increases in both reducing and nonreducing sugars. There was a large increase in diastatic activity during the germination period (Fig. 2) . Overall, the diastatic activity increased from 3.8 to 35.0 mg maltose per g of dry matter. The increase was gradual up to 48 h germination, but became rapid thereafter. Diastatic activity increase is caused by an increase in activity of amylase enzymes developed during germination. The maximum development of amylase activity usually occurs after 4 d in millet (22) .
Protein changes
There was a slight but signi"cant increase in protein content at each sampling time, from 6.1% in ungerminated seeds to 7.9% during the 96 h of sprouting (Fig. 4) . This represented an overall increase of 29.5%. Similar "ndings have been reported (23) where increases in millet protein ranged from 14 to 40%. These increases have been attributed to dry matter loss, particularly carbohydrates, through respiration, causing an apparent increase in other nutrients such as protein (23 increase of 64%. Analysis of variance showed that these results di!ered signi"cantly at the 95% ci. Partial solubilization and some proteolysis, which usually occurs during sprouting, could have caused this. This is evidenced by an increase in water-soluble proteins and free amino acids in sprouted seed meal (6) . The increase in IVPD was accompanied by a similar increase in trypsin activity, from 0.10 to 0.26 trypsin units (TU) in the raw and 96 h germinated seed, respectively, indicating a decrease in the level of trypsin inhibitor activity (TIA). Changes in the level of trypsin inhibitory activity in both the endosperm and axis of "nger millet have been reported (21) . Since the TIA in the endosperm was very low compared with the high levels in the axis, it would appear that TIA is degraded in the endosperm but resynthesized in the growing part of the plant. This could be the reason why TIA did not decrease signi"cantly (at 95% ci) after 3 d of germination (Fig. 4 ). An increase in susceptibility of the millet proteins to peptic and pancreatic hydrolysis accompanied by a decrease in TIA during germination has also been demonstrated (24) . The tannin content of the millet was also found to decrease during this study. Tannin content in the raw sample was 0.27 mg per 100 g dry matter. This decreased steadily and by 60 h it was undetectably low. Tannins have been found to inhibit digestive enzymes and thereby lower digestibility of most nutrients, especially protein (25) . The observed reduction in tannin content in germinated seeds has been attributed to the formation of hydrophobic associations of tannins with seed proteins and enzymes and not due to actual loss or degradation of tannins per se (26) . A decrease in tannin content in sorghum has also been attributed to leaching in the sprouting medium (24) and increased activity of polyphenol oxidase and other catabolic enzymes as observed by Kruger in wheat (27) . The decreased tannin activity in this experiment also contributed to the observed increase in IVPD.
Mineral and trace elements HCl~extractability changes with sprouting
Sprouting was e!ective in increasing the HCl extractability of the minerals analysed (Fig. 5) . Calcium and iron extractability increased from 76.9 and 18.1% in the raw grain to 90.2 and 37.3%, respectively. Extractability of Zn, a trace element, increased from 65.3 to 85.8% at 96 h germination. Phytate content decreased from 0.36 to 0.02 g per 100 g dry matter. Phytates bind with minerals forming insoluble complexes, which are inextricable in 0.03 mol/L HCl. These increases in HCl extractability of minerals could be explained by the observed decrease in phytate content. Similar "ndings have been observed in faba beans, where phytate levels decreased by up to 77% during a 10 d germination period (28) .
Conclusion
Sprouting of "nger millet resulted in lowered levels of the antinutrients assayed, namely tannins, phytates and TIA.
These decreases were accompanied by an increase in IVPD and HCl extractability of minerals and trace elements. The viscosity of 10% slurry of the millet was also lowered signi"cantly during germination, hence greatly reducing its bulk density. Germination also resulted in loss of nutrients, mainly through respiration. It was observed that most of the nutritionally important changes, namely lowering of bulk density, antinutrient reduction and increase in IVPD, occurred to a signi"cantly large extent at 48 h of germination. Germinating the seeds for longer than 48 h would result in further dry matter loss without much improvement in nutritional quality and therefore this time was considered optimum for "nger millet sprouting at 30 3C.
